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'TECHNICAL iELORANDUM NO. 515 L

UATIRIALS AND METHODS OF CONSTRUCTION IN LIGHT STRUCTURES*

3y Adolf Rohrbach

I wish first to thank the W.G.IL. (Tissenschaftliche
Gesellschaft fur Luftfahrt) for invitiag ne to spealr on
the prodblems of light construction.

At first I did not imow Jjust what this subject was.
intended to cover but, after corresponding with menbers of
tmo locture committee of the W.G.L., I decided to discuss
principally material and produdtion,problems;}j

TLecturing on these practical gquestions is.a 1ittle
difficult for me as the reprosentative of an alrnlanc-
construction firm, since my nowledge is naturally onc-
sided and, boing still at the boginning of the development
of sirplane construction, it is not yot casy to formulate
general principles.

Since I cannot therefore glve a comprehensive and ac-
curste descyiption of the nethods of production of wood
and metal airplanes employed in forelgn countries and oy
other German firns, I will simply present my own views,
hoping that just this one—-sidedness will call forth a
Truitful discussion and correspoading contridvutions fron
the representatives of other firms regarding other meth—
ocds of construction.

Thre many conditions which must be satisfied in the
construction of an airplanc, fall into two principal
grovps, namely, conditions of consiruction and of use.

Tie most important'conditions of uss are, o.g.,’all
the factors affecting tho porformancos, sueh as structural
safety, onc or more wings,'ono or morc cnginos, aspoct
‘ratio, flizght charactoristicst.arrangomont of ceats, land-
ing zear, floating stability (of seaplanes), bulkheads,
strengith of bottom stiffeners, protection against corro~ -
sion, etce. ' s T ‘ -
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v

Other conditions aro equally important as rogards
both production and uso, such as the choice of wood or
metol, duralunin or steccl, motal or fabric covering, rec-
tangular or taporing wings,

The predoninant constructional condition is the shapo
of the individual parts, such as the fittings, wing ribs,
transverso fromes of tas fuselage, interior wing structure,
Junctions and points of separation between the different
parts,. , S - o

Knowledge regarding the conditions of use and the
best ways to meet them is much further advanced than re-
garding tho econditions of production, This is due to tho
fact that ‘existing aixplanes are quito porfoct in most
cases and arc compared by fairly disintorosted persons,
Airplane structurcs can thereforo be rather guickly adapt-
ed to their conditions of usc from tho data thus obtainca,
By this adaptation to the conditions which aro alile for
all airplancs, differont firms arrive at very similar so-
lutions in a comparativoly short timo, I will rontion
only the difforoent singlo-onginoe commercial alrplancs and
the smaller combat airplancs, The final solutions, and
consoquontly the similarity of difforont structuranl parts,
arc reached sooncer on small airplancs than on large oneg,
bocause the probloms arec simpler and bocausc tho groator
number of small airplancs in use onablcs tho morao rapid
accumulation of tho requisite data.

For tho contrary roason tho devolopmont of large air-
Planes procceds much more slowly, and honce they still ox-
hibit a groat variety of arrangements of the wings, power
plants, landing gears and, in fact, of all parts, A
fairly standard type of large airplane will Probably be
developed, however, within a few years.,

Questions of form and material, which principally con-
. cern the conditions of production, will require the long-
est time for their bost solution so that airplanes from
different firms will become moroc or loss similar, as is al-
roady tho caso with automobilcs, A4 bettor or poorer solu-
tion of production problems is expressed essentially only
"in the price of the product. This difference is often due
much more to political or finsncial conditions than %o
technical ones, By way of illustration, I will only re-
mind you of -the fact that the average pay for a capable
locksmith, expréssed in gold marks, differs greatly in dif-
ferent localities, often amounting to 100% and sometimes

’
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to 400%, as shown by the following figures: 3Berlin, 1.85
gold marizs; Stuttgart, 0,08; Copenhagen, 1,70; Italy,
0.40; England, 1l.35,. C N :

Political influcnces may affect tho cost of produc-
tion similarly to the above-mentionod difforonces in
wagcs, In this conncction your attontion is called to the
position of the French firwms, some of which manufacture
on a very large scale, and to most of the German and many
,0f the English firms, which noWw make only slngle airplanes
. or very small series. :

In the course of time, however, the rates of exchange
and the wage levels of tho different countries will ap-
proach one anothor near onough so that the production
costs will bo overywhero approximately the same, provided
the .different cfficienclies of the individual workmoen, as
also tho different taxes, spccial lovios, dutios, otcs,
arc consldered, , - L o

The W.G.L., has hitherto devoted itself almost exclu-
sively to aerodynamic. or strength problems, In this re-
snect, we have already made so much progress that a re-
duction of "10% in.the drag or in the weight of en airplane
represents a rémarkable improvement, ;

As regards production problems, however, Wwo have made
so little progress that difforoncos of 100% or more in the
production time are almost the rule for airplanes which,
at first glance are seemingly similar and which, morsover,
seen equally well adapted to their purpose.

As a scientific society, the W.G.L. can take no di-
rect interest in the costs as such, but only in so far as
they determine the limits for the application of scion~
tific data with respeéet to the greatest possible fulfill-
ment of purposes and practical development in particular
dircctions, in which appliled scienco must precede in or-~
der-to assist in solving the acrodynamic and stremngth.. -
probloms involved. This influence of the production prob-
ioms has always been proesont, dbut in thoe future it will be
increasingly decisive for the success of certain designs,
because they will differ so little in their suitability
for a gilven purpose, dbut probably“very'much at-first in
their produvction costs, R .

I will now discusS-briefi& a féw-quéstioné whiéh af-
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fect the conditions of production and use, and then show,
by 111ustrat10ns from our own factory, how the production
costs depend on suitable mothods ‘of construction and othor
conditions,.

Wood or Motai?

I think it can now be said that this problem has been
definitely decided in favor of metal for large airplanes,
Large airplanss are still being made of wood in some coun-
tries, dut probably only because the particular firms can-
not be transformed qulckly enough and are not given by
their governmonts the opportunity to do so by the with-
drawal of orders., The English air ministry has already
announced that, aftor a transition period of two to throo
yecars, 1t will place orders for only metal airplanes,

Even for small airplanes the use of metal construc-:
tion, in my opinion, will continually 1ncrease, but will
require more time for its development, The reason for
this lies in the Fact that theo construction of ‘a metal
airplane requires consideradbly more experimental data, as
also, due to the multiplicity of parts, more preliminary
drafting and nathematical work than a wood airplanse. The
cost of such proliminary work increases rclatively slowly
with the sizo of the airplanoe and therofore ropresents a
smaller sharc of tho cost of a large airplane than of a
small one. Quantity production of small airplanes would
so roducc the ratio of the preoliminary work as to render
the use of motal profitable for thoem also, This must be
on guite a large scale, however, for tho cost of theo spo-
cial apparatus for quantity production (including the ex-
pense of testing the same) must be added to the cost of
the preliminary exporimentation and designing, On the
contrary, consideoradly more primitive and relatively
cheaper apparatus suffice for the smalloer number of large
airplanos. As soon, howeover, as a markct is found for a
large number of small metal airplanes, the wood airplane
will be a thing of the past, since in this event, it will
always. be mare expensive than tho corresponding motal air-
planc.,

I will not cntor into any detailed discus sion of the
comparative weight of wood and metal airplanos, I con-
sider it settled that motal has tho advantage oven in this
rospoect, although a strict comparison can seldom beo made,
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becavse a good netal alrplane gencrally diffors as a wholo
or in its oxtecrior dimcnsions from the corrosponding wood
airplane, so that a skeptic can have doubts as to whether
the bettor performance of the metal airplane is not ascrib-
able to the moro favorable dinonsions or to tho bottor
weignt ratio. '

Duralunin or Stoecl?

Corrosponding to tho specific woeights of duralumin
and stecl, tonsion mombers made of the lattor arc first
cquivalent to duralumin nombers of tho same woight at a
tonsilo strongth of 110 kg/mm® (156,460 1b./sq.ine).

Different duralumin parts are generally Jjoined by -
duralunmin rivets of the same strength, so that such junc-
tions involve only the weakening of the rivets., 1In this
respect steel construction is less favorable because taere
are no rivets of 110 kg/mm2 tensile strength, but ordina-
rily of only 30-40 kg/mn® (42,670 to 56,890 1be/s5qein.) .
Tence rolatively many rivets must be uscd to join such
stocel parts and, in order to provide sufficiont rivet areca,
morc for stool than for duralumine. If the cross soction
of tho stecel membor is to bo fully utilized, there ust
be an enlargomont of the rivet ficld at tho Junction place
in order to Hrovido spaco for all the rivots, which  in
turn denotes a similar loss in weight. In order thoreforo
to preserveo the cqual welght of tho wholo stecol structuroe,
the stcel would nced to have a strength of about 130 kg/

" mn® (185,000 1b./sq.in.) with respect to this loss,. -Since
tho tools aro not sufficilently strongor than such hard
structural steel, much time would Dbe required for the work,
7nich would be accompanied by great wearing of the tools.

lMiorcover the cross sections of such steel members are
very small, and they must therefore be made in the form,
0f hollow sections or profiles with respcct to an adequate
incrfia moment, tho result being a vory thin wall.: Such
profilos must generally Dbe strengthened by all possible .
kinds of longitudinal corrugations, in order to prevent .
local buckling. Such profiles are very difficult to Jjoin
together and could never De used in practical machines.

Since the hollow members mostly consist of several
parts joined by longitudinal rows of rivets, another dif-
ficulty in connection with the joilning is occasioned by
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the fact that tho rivets in the vicinity of the junctions
must bo removed by drilling or nmust be heanmored down, and
thelr distridbution is often unsuited to tho other dimen-
sions of the gusset plates,

In order to avoid the constructional difficulties of
light steel structures, less strength is often tolerated.
For exauple, the flanges of the Dornier spars, so far as
I know, are made from stecl of 70-80 kg/mm® (99,560 to
113,780 1b./sq.in.) strength.

In order to avold the loss in welght occurring at the
junction points in using steel of leoss strength, Dornior
uscs-duralumin for these parts, In so doing, ho sacri-
fices to a considerable oxtent, howevcer, tho advantage he
claims for tho great resistance of steel to faftigue, which
here concerns only the spar flanges, while the spar itself
is just as liable to break from the failure of the diag-
onal or perpendicular bracing members, As a matter of
fact, I consider steel and duralumin equivalent with re-
spect. to fatigue, for the so~called "fatigue! is nothing
but a matter of wultimate yielding, after the frequent
stressing of the material beyond the proportionality limit,

Material of 35-40 kg/mm® (49,780 to 56,890 1b,/sq.in.)
is used for welded tudbular construction, whereby the weight
loss in comparison with duralumin is nartially offset by
the almost total elimination of other junction-point losses.,

In comparison with steel, duralumin has the advantages
of greater wall thickness, simpler forms and greater rapid-
ity of working,

I do not care to speak now of the other light metals,
such as lautal, which has given very good results in tech-
nical tests, but is not yet furnished in suiltable form for
manufacturing, or "skleron," which is too hard,

Elektron is too sensitive to water to bo used for im-
portant alrplane parts, but con well be used for small
fittings, lightly stressed levers, otc, - :

-
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Opon or Closed Profiles?

Open scctions or profiles aro mado Dby passing strips
of shcot motal betwceon suitably shapoed rollors., In pro-
paring small quontities for oxporimental purposes (up to
soveral hundrcd metcers), it is choapoer to uso a drawplata,
thus saving oxponsc for tools and apparatus,

Closcd scctions or profiles aro about 20% moroc OX— "
pensive than open ones, since thoy rmust consist of at
loast two open profiles with longltudinal rivoting. Even
duralumin tubos aro considerably more exponsive (40-60%)
than duralumin profiles, becausc they aro.rolatively brit-
tle and, betwcon tho drawing operations, must be repeatedly
annealed in salt baths, which are likewlise very expensive
on account of the great heat consumption. Hany duralunin
tubes must be heated 30-40 times during the course of
their production, :

-The Jjunctions of closed_profiles are often heavier and
more expensive than the Junctions of open nrofiles with
gusset plates, As compression struts, closed profiles are
generally lighter than open profiles, This advantage is
often nullificd, howover, by the greator wolght of tho
junctions., In our airplanes, thoreforo, we have incroas-
ingly restricted the uso of closed profiles. Opon pro-.
files can also beo moro roadily protected against corrosion
than closecd ones, the ingide of which can neither be in-
spectod nor painted.

The danger of corrosion is of especial importance
for seaplanes, on which, for the same reason, all duralu-
min parts must be painted before being riveted together.
In order to effect a still further improvement, we have
recently adopted measures to make all spaces betwecn the
profiles and ~djacent parts so tight that water cannot get
- between any struchural parts, but can only wet their ex-
terior surfaces and evaporate without doing any harm. In
particular, every closed profile on a seaplane constitutes
a corrosion risk, chiefly, of course, in the parts con-
stantly in contact with the water. Even in the most care-
ful construction, it is difficult to prevent the water
from getting betwecen the motal shects and the closed pro-
filcs. ZEven if this is prevented on tho new seaplanos,
the parts will suroly be sprung in uso, so that water can’
got in and cause corrosion without being noticed at first,
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Metal or Fabric Covering?

Tae fabric covering of wings must be renewed once in
six months to two years according to the climate, On the
occasion of such renewal, the inner structure can be ine.
spected and, if necessary, again put in ordor, According
to the Luft Hansa (a German alr traffic company), renew-
ing the fabric' covering of a wing costs 20-25 marks per m?
(fifty to sixty cents per square foot). For our commor-
cial airplano Ro VIII with its 88 n° of wing aroca tho cost
would therwfore be noarly 2000 marks ($500)., If we assumeé
a life of six years for the airplano and cight roncwals
of the covoring during this period, the cost would amount
to about 16,000 marks ($4000) or about 10% of tho cost of
he airplano. o o '

On the othor hand, the lifo of the motal covoring is
unlimited, the covering is heavier (2-4% of the eupty
weight of the airplane), and its cost greater (2-4% of the
cost of the cell). The metal covering generally has the
same disadvantage as the fabriec covering, that it renders
the inside of the wing inaccessible,

In my opinion the metal covering is practical only
when the wing 1s so made that the inside is rendercd ac-
céselble by the simple unscrowing of a portion of the
wing without furthor cost and without greatly disturding
thc outor covering. Aecrodynamically the motal covering
scoms to bo just as good as ono of fabric, since tho dulges
and rivets are all in the boundary layer and thorocforo not
exposed to the full air flow, Wec are about to institute
a systematlic investigation of these questions, concerning
which no report can be made, however, until we have ob-
tained considerable data,

A When the wing is made so it can be taken apart, the.
greater cost of the metal covering will be offset, on tho
one hand, by its greater durability and, on the other hand,
by the ease of inspecting the inner wing structure.

My general conclusion regarding the four above-treated
problems, as you doubtless already anticipate, is that
large alrplanes can best be made chiefly from smooth dural-~
umin sheets and strips, i.,0., from the cheapest form of
‘this metal, .
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_ Whero the material has to be profiled for the obten-
~tion of greater buckling strength, tho profilcs should be
opén, From this thero rocults a type of construction sim-
ijlar to that of a ship, with a supporting covering, and
the necessity of making the wing and tail of separate riv-
eted parts assembled Dy screws 'and volts,

THe suitable location of the junctions greatly affccts
the cost of production, Formerly we scrowed thoe wing spars
to the stubs projecting from the fuselago, We thon coan=-
structed & triple wing girdor, tho middle picce of which
was secured by screws in a rocoss in the top of theo fuso-
lage and to which, morsover, both the other plecos werc
scrowod. Subsequontly Wo serowod the middle section of
the throe-part wing to the top of the fusoelago and joinod
the outer wing spars to it as bofore. In later alrplancs
we roturnod to tho formor mothod of joining the wings
to the stubs projoecting from tho fuselago. Fittings of

high-rosistanco steel woro uscd at the junctions.

"Despite the fact that chrome-nickel stocl has qulto
a high electric toension as compared with duralunin, corro-
sion in theso junctions can be entirely prevented by care-
fully painting the steel fittings with ocher, so that no
water can get into the Jjointss ST :

Altuough I consider the constructional method‘inpro—
duced by us, With smooth metal sheests and open profiles,
as the simplest, I do not wish to be understood as not
recognizing the advantages of wood alrnlanes or steel~tubing
fusclages for special purposos. 1 regard all these othor
constructional methods, howover, only as convenient transi-
tional methods, which sooner or later will ve gradually

replaced by the simpler duralunin construction.

After. these more general remarks, I will now try, by
means of a few examples, to give you an idea of how we are
endeavoring to reduce the cost of production, The facto-
ry can operate economically only when the material and all
working instructions are carefully prepared, This means
tho presence of absolutely complete worlzing drawings and
lists of parts. ' e el - o

. ¢ .

The working drawings mist cover not only the princi-
pal parts, such as the wings and fuselago, but also 2all
small parts, such as countrsl rods, ongine govoernor, in-
strument arrangomont, floor supports, etec, ~Even the points
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of attachment of all thosoc parts aro indicatod in the cor-
responding drawings, so that arrangements can be made for
them in the construction of these parts. The working draw-
ings represent every part and every rivet down to the small-
est detall, Our flying boat Roe III has about 1800 draw-
ings and 700 lists of parts, ' o

In order to simplify and accelerate the execution of
the working drawings, they are undertalken only after ade-~
quato preparation., A comploto project is first workoed
out in all its details, and all aorodynamic and strength
calculations aro made in spocial soctions of tho construc—
tion-offico, so that the individual constructor has littlo
to do with those problems, but is supplied with all tho
materials in suitable form and dimonsions.

The drawings now rocady for the first airplane of a
new type are so complete that a series of twonty could be
built, without any further drafting work, from the same
drawings and lists of parts,

. O0f course all the drawings must be clear in their man-
ner of presentation, so that less time will be lost in the
factory in interpreting them, On the basig of the draw-~
ings and lists of parts, the factory undertakes the taslk
--0f production and causes to be collected in a special room
,the reguisito material for its execution, which it is en-
deavored to shorten by simple devices.,

-I believe an especial advantage of this method of con-
struction with smooth metal sheets and open profiles, as
well as of the divisibility of the wings, is the cheapness
of the factory equipment, This cheapnoess has, on the ono
hand, the technical advantage that the production of a new
type nccd not be long dolaysd by waiting for the equip~
ment and, on the other hand, tho financial advantage that
not much capital is tied up in the ogquipment, Consequentw
1y, the cost of the equipment does not constitute an ob—
staole to progress, as is the case in other more expensive
methods, where one hesitates to consign the expensiveo
equipment to the scrap heap. Just as the smaller cquip-
ment cost is important for the rapid development of new
typos, it is likewise important for a prompt increase in
the output in case of noed, '

.:;HQWOﬁfiﬁéiqther hand, it is often argued iﬁ“favor;of a
complicated constructional system that, though it is not
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suited to small-scale production, 1t may be very econom-
ical in nmass production, In mass production 1t . is, of
course, obvious that even expensive equipment may not ul-
timately greatly increase the cost of the individual air-
plane, Of course cheapor squipment would still further
reduce this cost. lloreover, even an article in mass pro-
duction can bo superseded by better typos, thus causing
the loss of much cépital through the scrapping of the &x-
pensive eguipuent whilo, in the contrary caso, convorsion
of tho factory would be grocatly facilitated. . Obvipusly |
the equipment for making a given typo of airplano would
always bo moroc extensivo and comploto, the larger the
series to be produced, The difference in cost between the
cquipment reguired for an airplane of simple design and
one of more elaborate dosign will thereforo always be rol-
atively the same, - i :

In individual construction, all the transverse frames,
ribs, fittings, etc,, are tested separately, in order that
any defects may not be first discovered in assembling,
when they would cause loss of time, or even later in the
finished airplene, where they might do still more harm.

The assembling is greatly accelerated by having all, connece
tions, boarings for the condults, control rods, instruments
and all the »marts roady in advance. By such methods we .
have cffocted a saving of 30-50% in tine,

A1l ordors aro calculatod by a practical systom and
thoir corresponding production times comparod, Thus a roc-
ord is obtained of the work oxpendecd on the airplano it~
solf and also of tho “"unproductive" work expendod on the
factory oguipment., In like mannecr a rccord is kopt of the
timo spont in the proparation of the working drawings.

Thn1s all timo-robbing wmothods wero tostod and in many in-
stancoes worc groatly simplificd,

A1l changes in design aro immediately introduced into
the drawings, In order that this may not be ovorlooked,
the head of tho workroom calls attention in writing to all
corroctions and changes, which must thon Do made in the
drafting room, A complete set of the Arawings snd lists
of parts is filed for every alrplane, so that, in connec-
tion with any subsequent exporiences of this airplane, it
is always possible to tell just how eany given part was
malo,. o C

e whole svstem of coopération between the drafting,
o &
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construction, and mathoematical departments is naturally
being gradually improved ond extended on the basis of our
experionco, An -oxhaustivc doscription of it would take
scveral hours. .

I will;now describde briefly a fow illustrations of"
What I 1qvc;a1ready sald,

. ?15ure 1 is a. comparlson of tho timo consumed in the
manufacturo - six consccutivo seaplanou_ox the samec type,
Ro I1I. Tho numbors do not denoto tho octual number of
hours, but only the relative numbor, 100 boing adoptod for
tho first one of tho sories., Morecovor, this was not the
first soaplanc of this type to De built, but was duilt con-
_siderably later, after the type as such had become fully
stabilized, The number 30 at the right of the figure in-
dicates the approximate result we would bdxpect to obtain
were we to begin the work over again to-day. In order to
shorten the working time, as already mentioned, the vari-
ous individual working times are determined and compared
with one another, with a view to ascertaining where fur-
ther economies are possible,

Table I shows the roelative working times for the proc-
esses, involved in the comnstruction of one of our wing gird-
8T S. Figure 2. ) In order to be able to compare the con-
stractlon times of the wing girders a and b, which are
of different sizes, they are referred to the sanme welght,
The wing girder a belongs to an outer wing section of
the seaplane Ro III, while the wing girder b TDbelongs %o
an outer wing section of our threc—-engine commercial alr-

pPlane,

Table I. Working mimes for Wing Girders
T ind o f work Airplano | Airplanc

a) Production of all parts without
riveting 30% 27%
b) Assembling and riveting all trans-

© verse walls 3 5
*fAssembling and riveting all lon-
“vgitudinal ‘walls. ' 13 . 8
‘Assenbling and’ r1vet1n5 upper
- - flange . 28 30
Assembling and rlvetlﬂv lower
. flange _25_ _30_

Total 100% | 100%
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Whon roforrcd to oqual weight, gomcwhat less than 60%
of the working time usod for the wing girdoer a WwWas To-
quired for the wing girdor b of the commercial alrplanc,
This improvement cxtended to all parts of the wing girdor,
since the sharos of the different working times woro ap
proximately equal for the girders a and b, : -

- The greatest saving was probably in the assemdbling -
and riveting of the longitudinal walls, whereby working
times in the ratio of 13/8 wore attalned, This improve-
ment was effected, in tho first placo, by .a simple stamp-
ing process, by which the edges of the openings in the lon-
gitudinal walls, corresponding to a templats, were worked
out by & stamping tool, and in the second place by machine
riveting., (Figures 3 and 44) ‘

", Pigure 5 .shovs the longitudinal wall of a wing girder
in which the diagomnals are reinforced by riveted sections
or profiles instead of by bendling out the edges of the
onenings, The present method of bvending out the edges of
the openings according to a template is considerably more
practical, however, o . - R LRI TR

Table II gives the relative working times for. tho pro=
duction of the whole wing, whose girders formed. the basis
of Table I. :

Pable II. Working Times for the Wings

Kind of work Airplane =& Airplane D
Making Wing-girder - B - 514 B 55% ..
" leading-edse formers 10. _ 11
" end-ridb formers 4 7.
E aileron L 10 9
" ailerons . ‘ _ © 18 6
" wing cap ] e - 8,
Assembling wing 4 4
‘Total i . 100% . 100%

If the working time for the whole wing is referred to
equal weight, the saving for wing Db, as compared wlth
wing a, 1is only 31,5% against 40% for the girder alone.
This is. becauso thae rounded wing tips, which we here made
for the first time, are gquite expensive, The time required
for assenbling the wing is quite small; much smaller, in
fact, than the saving made in tne individual parts due to
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their easy acc9551b111ty fron all sides,

' Figure 6 shows thau much working time can be saved by
prqctiqu workroom measures. alone, even without structural
improvements and without increasing the scale of produc-
tion, he here diagrammatically represented leading-edge
formers and end-rid formors before the ailerons belong to
both airplanes, like the previously considored wings and
wing parts,

Coﬁvérsely, Figure 7 shows how the working time for
the production of rudders was shortened by purely struc-
tural methods, :

Table III shows how the working times for the construce-
tion of a cortain transverso frame were reducod by a com-
bination of structural and workroom methods, (Fig. 8.)

Tablec III, Working Timos for Making a Transverse
Framo in a Threoc~Year Dovclopment

. Vorking timos refeorred to squal weights

100 Airplano

Airplane a 8 98
n b 129 " f o 42
n e 120 " g 41
i d 102 " h 28

The working times are again referred to equal weight,
as I am not allowed to give the actual working times, The
comparison is correct, however, in that it concerns the
same transverse frame and the weight of this frame on the
different airplanes remains the same, despite the varia-
tions in structure, It therefore concerns almost exclu-
sively the rapldity of construction,

In the original transverse frame of tho first airplane
the profiles were joined by gussets in two planes, which
required very complex dollios for riveting. For this rca-
son the structural method was changed, so that only one
gusset was used between the profiles. Nevertheless, the
working time increased, since the workroom was very busy
and many inexperienced workmen had to be employed,

!Theiframe.was:then somewhat further simplified in
small details znd, beginning with alrplane f, pilecework
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was introduced with the result that the working times were
immediately reduced nore than one-half, The improvemoent
from g to h was then effected by a structural change
which, unfortunately, I canpot yet describe for reasons
connected with its patenting. .

Similar examples could be mentioned in any desired
numnber, For exemple, the working time for the production
0f externally similar floats was reduced 40% by tho sim-
plification of the frame and a practical method for theo
main fastoning.: . - :

I think thero is no noced of furthor oxamples to Snow
how groat savings 1n worlking time can vot be mado, I an
confidont tnat, cvon without veory largo-scale production,
nrovided we obtain enough orders to maintain the factory
~personnel at the present number of several hundred, in a
year or, two we can attain working times of less than half
the present fairly short ones. Metal airplanes, even when
made on & small scale, will then cost considerably less
than wooden ones do now,

In the W.G.L., lectures, problems are discussed from
all standpoints and possibilities, as to how performance
can be incressed per unit weight of the airplane or per
unit weight of fuel, etc., Taereforse, I wish to thank
the W.G.L. for this opportunity to discuss the possibili-
ties of an hour of human work, which is, after all, our
most valuable assetb,

Commenl s

Bagincer Splegel.- Dr. Rohrbach's address 1s espe-
cially welcome, because it introduces pure production
problems into the circle of those previously discussed
be“ore the W.G.Le. . Even though, as the speaker remarked,
such questions nave little to do with pure sclence, they
ctill stand in mutual relations with the latter, Scienco,
on the onc nand, assigns cortain tasks to tho producor
while, on tho othor hand, production probloms ofton afford
the incentive to new sciontific roscarchos.

It would therefore be very desirable in future to
have such questions often discussed before the W.G.L., and
thus develop a lively exchange of ideas between the dif-
ferent producers, How advantageons suca an exchange of
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ideas and expcricnces may be for the development of a par-—
ticular 1ndustry has boen well eyoqpll;led 1n ‘Auerica.

Just at the present time, when more firms are ever
turning to light-metal construction, tremendous amounts
of money and energy could be saved, if each firm did not
have to start anew with the initial researches and over-
come all the primary difficulties by itself, only to ar-
rive ultimately at the same results already obtained by
others, Of course there should be perfect mutual cooper-
ation, and no firm should refrain from participation for
ostensible competitive interests.

Such an exchange of ideas might take the form of an
agreement by which, for the solution of especially diffi-
cult problems, a definite task would be undertaien by each
firm entering into the agreement, On this plan, syatematic
investigations might be made of such problems as the tor-
sional resistance of composite cross sections, buckling
resistance of compression members, conservation media, etc,
With the advice and cooperation of the D,V.L. (Deutsche
Versuchsanstalt fur Luftfahrt) very useful work could thus
be done, despite the generally limited means available For
the further development of German aircraft,

As regards Dr. Rohrbach's address, I wish first to re-~
mark that, in ny opinion, the use of wood in airplane con-
struction is still justified for many purposes and will
be continued, Especially in light airplane construction,

whers the rapid development of new types is often involved,
wood is the most suitable material, Without time-consum-
ing preliminary work in the construction bureau =nd with
the help of very simple tools, wood enables the construc-—
tion of a new airplane in a fraction of the time required
for an all-metal (especially light-nmetal) airplane.

However, if a certain type is to be made in large aum~
bers, the case is then quite different, and metal construc-
tion may be preferable on account of 1ts speclal advantages.

Wood is also more suitable for small asirplanes, be-
cause the dimensioning and correct shaping of small metal
parts is very difficult 11, for the obtention of tle requi-
site local rigidity, a at increase in the weight is un-
desirable, in contrast wltn wood whose dimensions can De

easily controlled,
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Trhose difficulties do not exist for large airplanes,
where there is generally an abundance of time at one's
disposal and where the cost of the first airplane is not
generclly so important, so that wood is eliminated,

As regards the relative merits of steel and light
metal, I wish to call attention to the fact that, in vari-
ous cases for the dimensioning of certain parts, not the
streagth but the stiffness is the determining factor. For
exaiple, in heavily loaded cantilever monoplane wings,
torsion corrugations for allerons, etc,, the ratio
modulus_of clasticity or shear ' :

specific weisht ‘ ..
behavior of the various metals with respect to stifiness,

i doterminative for the

This ratio is approximately the same for stecl and
1ight metal, wiaereby 1t must, however, be remenbered that
tne modulus of elasticity always has spproximately the
szme value of 2,150,000 for nearly all kinds of steel,
even tlose of less strength, Hence 1f one is compelled,
for the sake of rigidity, to make a part larger than would
be necessary for strength alone, a poorer Quality of stecl
7 50-60 kg/mm® (71,118 to 85,340 1b./sq.in.) can safely
be mscd, without making the part neavier than light metal,
with the advantage of being considerably checaper.

. As regards thae aavantages and disadvantages of opon

. and closed profiles, I agrce ontirely with tho spealer.,

It cannot be denied, howover, that for very large airplancs,
dve to the given structural possibilities, the closcd pro-
filec, ecsneclally in the Torm of tubos, may havoe deocided
advontees, wien it .1s possible to avoid the disadvantages
otiierwise inherent in the closed nrofile. This can be
easily accomplished by specilal constructional devices,

The chief advantages of a tube over a combination of two
open profiles are:

-l Greatest,utilizaﬁion of the cross section, espe-
cially for heavily stressed conpression struts;

2. Elimination of the lon:itudinal seam;
3, Coanvenient worltability and nence gradual adapta-
bility of %the cross section to the generated forces

by simply screwing one section over another;

4, The butt joints can ve made with simple screw
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connections which require only a fraction of the
weight of the riveted strips used to JOln the combi-~
natlon of profiles,

Furthermore, if all drilling of the tubes is avoided
by a2 suitable form of junction, it is easily possidle to
make such a tubular girder so tight that no water can get
inside, even when the tube is distorted. iloreover, it is
always possible to protect the inside of the tubes by pour-
"ing some conserving liguid through them before using. An
example of this method of construction is the Rumpler trans-
oceanic airplane.

Very advantageous for the use of tubes with large
cross sections is the fact that, in the aluminum industry,
endeavors are being made to increase considerably the max-
imum weight of one-piece parts made from high-strength ma-
terials, Hitherto, this weight was only 25-30 ks (55-86
1b.,), so that very frequent joints were required for lerse
cross sections., An increasc in the woight of the part
would mcan a saving in the structural weight and amount of
WOorka.

Also as regards the supporting covering, the relations
may chango for very large airplanocs. The dimensions of tho
covering are dotormined chiecfly from its rosistance to lo-
cal conditions, Tney will thercforoc be only slightly greats
er for very large airplanes than for smaller ones. Waile
for the latter the thickness of the covering stands only in
a certain accord with the dimensions of the inner struc-—
tural parts and the covering can therefore serve, with
slight reinforcement, as a supportiang member, a serious
disproportionateness arises, for large airplances, between
the dimensions of the framework and of the covering. Tae
gain from the application of the covering in such a case
would therefore be vanishingly small and would not justi-
fy the weight increase due to the requisite reinforcements.
On the Rumpler sceaplane the thickness of the walls of the
spar flanges went as high s 2 cm (0,79 in,), while the
covering was only 1-1.,5 ma (0,039-0,059 in,) thick.

I have voiced only a few thoughts suggested Dby the
addrecss of Dr, Rohrbach and, in conclusion, I wish to ex-
press the hope that, throug h mutual ceoperation, the de~
velopment of our alrplane Lndustry may be greatly accel-
erated,
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Qi;egjgg;gﬁgyggr.— T consider it a particularly happy
thouwgit of the W.G.L. to give one of our mos? srominent
airplane coastrictors the opnortunity to speak at this

~vear's cession on airplane material and production prob-
lems, This subject 1is estecially appropriate for the pres-
ent time, when our airplane industry, larsely freed from -
the bonds of the London ultimatum, is oa the threshold of
a new paase of development, As compared wita the indus-
tries of other countries, our German airplane'industry_is
obliged to strugile for existence Dbecause, aside from a
few sport airplanes, 1t can produce only commercial air-
planes, since it is barred from the most important field,
that of military airplanes. It must therefore stake ev-
erything o6n developing the Tield renaining to it as thor-
‘oughly &8s possible, & problem which will be solved omnly
when it succeeds in an over increasing extension of air
traific and in reducirg the cost so that great numvers of
‘our people will be enabled to travel by airplane.

Theo cost of flying dépends chicfly on tarce fgctdfs:
fuel consumption, original cost of airplano, and anorti-
zation, TWhen calculated por passongor for all throe of
tie factors'a‘cbhéiderably less favofablc result 1s ob-
talaned then for transportatidn by railroad or automobilo.
Airplanc frapufacturers and air-traffic companics must
thoroforc coopeorate to roduce theso costs, The fuol prob-
lcm may §odn be solved favorably for Gorman air traffic
since, although Goermany constitutos but a sitall part of
tho world's fuel marXkoct, trore is just doveloping an ad-
vance of the powors on the German narkol, which betolkens
possibilities rogarding 1ts relative importanco and which
nay again change Gormany from an objoct to o subjoct of
world politics, Tuc work of the dyo trust in obtaining
liguid fucls <rom coal is bocoming incroasingly important
and may yot mako Gormany ‘indepondent of other countriecs
for its fuol supply and considorably reduce tho cost of
tho fuely ~ - ' '

Inv%hefSGCOnd,plﬁce, the ¢ost of flving deponds on the
original cost of tae aircraft'and;”through this, also oa
the third factor, the cost of amortization. Though the
smortization of the enginé is a more important factor than
taat of the cell, the 1at}er constitutes, however, so large
a percentage thnat any reduction in its cost must materially
affect the cost of amortization. Hence, if air traffic is
to be made cheaper, the ajrplangjinduStry cen make a sub-
stantial contribution by reducing the cost of production.
Dr, Rohrbach has already iandicated, in his very interest-
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ing address, the savings effectedrby piecework and also in
the case of the last airplane of a séries of several as
compared with the first one of the series, A still larger
reduction in the cost of production can surely be effect-
ed by making airplanes on & larger scale than heretofore
and by the standardization of materials and individual
parts, You all know what a struggle for existence the
Goruwan automobile industry had to go through in competi-
tion with Américan automobdiles. That it has succeeded in
1mnrov1ng the sales ratio of German cars to American cars
is, aside from the guality of the German cars, principally
due to the standardization, which the German automodile
industry has so vigorously prosecuted for the last two
vears, that the original vory considerable American lead
has already been largely avolished and the production cost
of the German cars has becon substantially reduced,

The opinion may be held that airplane construction is
still in such a stage of development that any standardiza-
tion would harmfully affect the freedom of the construct-
or, Doubtless any such extensive standardization as has
teen effected in automodile construction would yet be un-
suited to airplane construction, but there are, however,
many parts and materials for which standardization is very
desirable, such as connections, fittings, instruments,
tubes and wires, As to parts for which no rigid standard-
ization is yet feasible, the preparation of provisional
standg;dlzatlon sheets would be very helpful, In alrplane
construction where, of course, not so many pieces of a kind
are wanted, as in automobile construction, the creation of
apparatus and instruments cannot be profitably carried so
far, because the cost of wmany of the parts would therebdy
be too greatly increased. Hand work must therefore bde
done which, however, is more expensive and not nearly so

good as machine work. 3By careful investigation many a
part can be found which is the same or similar on all air-
planes and could be standardized and wmade much cheaper,

Groun manufacturing would enable considerable econo-
rnies in lessening transportation costs, simplifying re-
vision, etc, Division into very small units would also
enable the employment of cheaper labor, Unfortunately tho
small number of airplanes to be mado prevents any extoh~
sive introduction of this meothod,

Engincer ii. Neubert.- In his discussion of the guos-
tion "Duralumin or steel?" Dr, Rohrbach took as his basis
a comparison of tho tensile strengtns of thoese mateorials
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a1d made the condition thet for equal weights the steel
must have a strength of 40 (7.8 : 2.8) = about 110 kg /an?
(156,459 1b./sq.in.). , : :
Thisg condition, however, is not fully applicadble, be-
cause the choice of a material can never be based on its
_tensile strensth alone.. At best this conld be the case
for purely teasile parts, and then only when the latter
are not combined with other parts which could bde atfected
by their deformation, An exanple will illustrate this.
A cantilever girdor is supported Dy a rod waich is & purc-
1y tension member., On the assuvmption tnat the rod is a
stool ounc wita a tonsile strength of €0 keg/mm® (113,788
lb./sq.in.) rocquiring the arca F, a corresponding rod of
duralumin would require an area of 2F, On this assump-
tion and on the vasis of the tensile strengths alone, wWe
obtzin Tor the steel rod a welght excess of 7.8 (2 X
2¢3) = 1,39 as compared with the duralumin rod. In order,
however, for the girder to receive the same stresses in
both cases, the deformation of both rods mast be the sawme.
Zevce we rust have Fp = (220 : 70) Fg = 3.15 Tg (the ex~
gression 220 1 70 ropresenting the ratio of the modulil
7 glasticity of the materials conpared) .

(@]

Since tle ratio of tue specific weights is only 7.8
2,3 = 2,3, the aluninum rod, on the above assumptions,
will De ncavier to tae amouat of 3.15 : 2,8 = 1,12, If,
thereiore, the duralumin rod should be given only the same
weisnt as the steel rod, thren under certain conditions, a
corrcsponding oxcess wolght would have to be given the
ZJirder,.

Tho above statement is likewise applicable to compros-
cion siruts. Such a strut, if it satisfios tho Euler
formmla, can be nade lightor of stacl than of duralunin.
Tven a cirder subjocted to donding strosscs, in which some
bonding defornation is to De expected, can be nade lighter
of stecl than of duralunin, :

IS

since the o’fect of their deformation on the total defor-
mation of the girder is exbreumely srizll (Sec Schwengler,
Talaatizitatsthacorie inm Tigenvaut). In an actual girder
test, - tlie deformation of the lattices was found to be only
5% of tue total deformation,

In lattice girders tae lattices camn well Dbe duralunin,
e

Ay important Jactor in the ciaioice of the materials is
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also the ratio of the proportionality and elasticity linm-
it to the tensile strength, The longer the material con-
forus to Hooke's law, just so much better will be the
utilization of the material., In many countries there isg
now required a cértain breaiting strength of an airplane
expressed as a multiple of its weight, This requirement,
noreover, necessitates exceeding the proportionality linmit.
As soon as ths wmatorial no longer conforms to Hooke's law,
the secondary stresses increase very rapidly, occasioned
“by the no longer computable greater deformations. These
secondary stresscs may then cause a precmature break of the
structural mombers, The ratio is here more favorable for
alloyed stcel than for duralunin., (Fig, 9.)

Very recently the Dornicr-Hetallbauteon G.n.b,H. (Dor-
nicr ictal Works, Ltd.,), in coopecration with one of the
lcading German steel works, has instituted a serics of ox~
porimonts with profilc and rivoet matcrlal, which. have
given very favorable rosults,

Even tho resistance of the materials to corresion
cannot be disrcgarded,  As rogzards corrosion, steel ig con-
siderably bvetter than duralumin,

Ilikewise, oconomny may bc the determining factor in
choosing the material., The cost of & kilogram of finishod
teel construction is only 0.8 of the cost of a Zilogram

of plain duvralumin, even takiang into consideration tho
fact that oveontual weight and time roquiroments arc necos-
sary for steol., Any comparison in this rospcct can be
made only on the basis of accurate calc*lations. On indro-
ducing tae general cxXponsecs, the ratios for duralunin
again become morc favorablo, however, in that the diffor-
ences in cost no longer affect the results to so great a
egree, Thre factor of econony will be much more favora-
tle to steel, if a nethod of duralunmin construction is
cnosen walch leaves & high percentage in trimmings and
waste material. In using duraluvnmin tubes, this ratio is
still more unfavorable to duralumin, since their cost, as
already mentioned, is about 50% greater than thet of du-
ralunin shects or strips, Tne longer time required for
steel construction is offset, on the other nhand, by the
greater time required  for the production of duralunin.,

Furthermnore, in connection with the nmatter of rivet-
.ing, Dr. Rohrdbach stated that the rivet-hole relations

are less favorable for steel than for duralumin, This
statement nust surely rest on an error since, according to
the speaker, duralumin rivets made from the same alloy,
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and nence with the sarme tensile strength as the riveted
material, arb used, while 1t has long deen customary in
steel construction to wuse iron rivets considerably softer
than tho riveted steel., Coasequently, the rivet-hole re-
" 1ations can. in no casoc vo less favoradle for steel witn
iron rivoets than for duralwiin with duralumin rivets. Tae
relstion is unfavorable, hnowover, for duralunin with iron
rivets., As stated by the spcoaker, tno Rohrbabh Company
asos steel for spar fittings., It is obvious that thoso
steel Tittings for duralumin can never be_lighter than
steel fittings for steels . o

I would summarize my conclusions regarding the choice
of vaterials as follows, Tne choice of building materials
cen be made only from consideration of the given static
relations, econony and practical experience for esach indi-
vidurl cese., I assume it to be obvious that the whole na-
terial problem can relate only to tue construction of
highly stressed structural parts. As a natter of oxperie-
erce it is mown that the weight of such parts constitutes
about 8% of the dead load of an alrplane aﬁd the time re-
guired to construct them, adout 7% of the time required to

Huild the whole ailrplanse.

 Former noval architect 3aatz.- . Dr. Rolrbach spoke on

the guestion of airplane materials, 0i the one hand he
connared wood and metal and, on the other hand, duralunin
ané 'stecl, His contention is probably correct that the
development of the airplane will follow the courso of do-
volopment of sll other vehicles, cars, ships, etce., from
wood to metal coastruction., This 1s due to the difficulty
0f obtaining sufficient wood of uniform structure for tae
oroduction of any article on a large scale, As to what
the netal of the Zuture is to be, there is still a grent
diversence of opinion. Dr. Rohrbach compares steel having
a tensile breasking strength of over 100 ke /mnm? (142,235
1b./sq.in.) with sluninum alloys having a breaking strength
of 40 kg/mm® (55,890 1b,/sq.in.). The general fact taal
metal of specifically great strength unfortunately has a

ory small elongation, has compellcd mechanical enginecTs
in gencrel to refrein fronm approaching the upper 1imit of
strength and to Drefer umaterials with o relatively grecat
slongation, I recall, for oXemplo, that stecl, with a
strongth of 50-50 kg/mh® (71,118 to 85,340 1b,/sq.in.) and

an elonzetion of 10-12%, can be producecd cheaply in any

dcsired guentity. Tevertreless, there is used in great
qroatities, in the coanstruction of vehicles steel of low
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strength, adbout 40 l:g/nm2 (56,890 1b,/sq.in,) with an elon-
gation of 18- 20%, The reason for this tendency in the
cholce of materials is that a vehicle is liable to collide
with stationary objects and in such an event it is better
for the girders to bend instead of breaking immediately,
Hence a material is generally demanded with a voery great
clongation, which first bocomes permanent above 60% of tro
breaking strength, PFor the latter reason, the use of a

feow speoial hlghnresistance steels, with excellent streiigitna
and elongation, is rendered difficult, since permanent
elongation bezins with them at about 30% of the breaking
load, Taese include, for examplo, the V2a stecl, waich

has vecently become famous.,

A similar toulency to use metals of somcwhat less
trength but greater elongation now seems to be invadiag
13 field of light nmetals, This tendency is increased by
e fact that the softer materials, like duralumin and

antal which have breoking strengths of 356-37 lw/mm
(51,200 to 52,625 1b./sq.in.), can generally be worked
cold, so that the cxpensive and troublesome process of an-
‘nealing is eliminated and the softer alloys scem to with-
stand corrosion somowhat bettor,-

Especially important is the behavior of thesc alloys
in sea air and also in sea water for & long time, say
about 145 years., While the strength of the material, even
in the unstressed parts, diminished only about 10%, the
elongation diminished 60-70% in places, and finally he-
caie bltlrely too smell when its initial elongation was
only 10-12%, The corrosion of the material in combination
and its prevention, i.,e., the preservation of the individ-
ual parts, mizght well be determinative therefore in the
choice or the materiazl. At vpresent, however, there seems
to bYe no reliablo means of protection for light-metal al-
loys, such as the galvanizingz of steel, Opinions differ
regarding the effoct of sca walter on tao various allors,
O0n the wiole, the sca-water resistivity of duralumin and
lautal is practically tac same, while that of the other
alloys is somowhat poorer, In combinations of stoel and,
lizht-metal alloys the light metal does not appear to Ve
ti2e endangered part., Accordiang to experiments which have
boen verified by the material testing section,*the light
"alloys &seem to change their roles with respect to iron, ac-
cording to the duration of the exoerlmeJt Taile iron and
steel at first stand ngger than the light-metal alloys in
tie electrolytic row, a change seems to occur after 24
hours, 1.8.,, in structural parts corntaining both lignt wmot-
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al and steol, the light umetal is never attacked, These
experimental results arc confirmed by experienco,

Altzough I naturally agree with Dr, Rouarvach that on-
tircly closed profiles do not wear as woll ia usc as open
ones, a good nrotective coat insido & closod profilc lasts
vetter tnan a like coat on exposed surfaces. Experience
“ag shown that structural parts suffer most wiere, through
lack of proper care, the protective coat is removed by
mechanical injuries and fails to be renewed, It seems to
bo ostablished that light-metnl parts require the zreatest
attention, even 1a uso.

Dr. Rohrbach's argunecnts were ospecially intercsting
s regards the possibility of reducing the production
costs by suitadle equipment, In general, the equipnent
inecreases the so-called unproductive capital, I would De
groteful to the lecturer if he could tell us in what ratio
the sum of the uvanproductive and productive capital is re-
duced or suitable equipment, It might be still more dif-
jenlt to answer the second question, as to waether the
ost reduction of a plece is due sinply to tue famlliar-
zation of the worker with the production nethod, or in
what provortion 1% is ascribabdle to the equipnent. I
would apnreciocte aaving Dr. Rohrbach give us furtiaer infor-
mation on this poiat,

Eagineer Schrenk,- Thus far nothing has been said to-
day coacerniag an important method of joining stecl parts,
wanely, by welding.

T heve just come from the welding session of tae
7,0,7, {Verein TLentsclher Inzenieure) in Hembdurg, where I
lesrned now the process of welding is continuwally naling
prozress in all filelds of mechanical construction. It is
by no eans new ia alrplane construction, (See T.A.C.A,
Tachnical llemorandui To. 453, "Welding in Ajrplane Con-
struction," by A. Recutlich and M. Schrenk,)

Tas advantazgos of welding are obvious, namely, the
possinility of makiag the riost difficult Junctions wita a
mininum incrense in weight, especlally of Joining tubes
ia the stumplest war imaginadle without increase in welzht,

~d the economy of this method.

Fod

o]
+
v

lizny mersons, .owever, entertain serious doudts as to
t-e cdvisability of welding ian airplane construction, Tuey
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regzard it as unreliable, The streagth of tae weld cannot
be calculated and cannot be tested on the finished picce.
A riveted junction can be calculated by long~established
formulas, though the inside of the rivets cannot be in.-
spected and a feeling of coniidence is instilled only by
their great number. These doubts apply also to shipbuild-
ing, which occupies a position similar to airplane build-
ing, &s regards reliability and safety. In the former,
nowever, the nrocess of welding is being incrcasingly en-
Ployeod. ’

The groat reliability of welded junctions has long
been demonstrated by ianumeradle lddoratory and practical
tosts and many years of expericnce with suitadbly welded
elrplane parts, especially fusclages, Of course, certain
conditions arc roguisite, such as cexpoericnced welders,
suitable materials for wolding and allowance, coven in %the
dosigning, for tho special pocullarities of the welding
procecsss There is urgent necd of these conditions, and it
is accordingly to be oxzpcctod that the work alrcady besgun
ia wany placcs will be successful,

Another disadvantago is the rolatively low strength
of the wolded junctions, which is about 35-40 kg/mm®
(49,780 to 56,8920 1b./sq.in.) for thc motals now conmonly
usced, This does not matter so much in fusclagos whero
there arec alwal’s slounder comorossion struts which buckle
uwnder even slight siressces, It is loss satisfactory for
wing structures or other parts which aro subjocted to ton-
silc, compressive and bendiang stresscs, INMeny ondcavors
ero beiang mado to discover »r systenatic cxperimontation
stecl 2lloys with a hiigh tensile strongth and yleld point
in the aanealed state and with good welding propertics,
Tnore is a good prospect of odtaining wolds with a tonsilec
strongth of 60-70 Zg/mm® (85,340 to 99,565 1b./sq.in.).
The advantages of welding will then be still greater, es-—
recially for large structures. I may add that the D,V,L,
is giving much attention to this matter,

Enginecer TFTocke.~ Referring to Dr, Rolrbvach's address,
I shall endeavor to make, from the standonoint of wooden-
cirolane construction, a corparison of the propertiecs
wilch result from the peculiarities of both materials in
rractical use,

l. Irn Englend, after a period of transition, only
metael airplanes are to be ordered by the military autliori-
ties, It is sald, however, that tiisg decision is not 2t
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all due to considerations regarding the suitability of the
material, but that it 1is simply a question of the diffi-
culty of obtaining wood in war time, In the eveat of war,
however, the quicker and cheaper supply of wooden airplanes,
in comparison with the use of metal, would play a decisive
role, since the possible longer 1life of metal airplanes
would be more tizan offset by theilr rapid destructlon and

by the types becomlng obsolete.,

e The greauer cost of a metal airplane cannot be
due alone to the extensive preliminary work of a construc-
tive nature. This is demonstrated by the fact that, in
metal construction, the necessity of further division of
the structure into many small parts dirsctly affects the

~working times even in quantity production., For obvious

Tensons Dr., Rohrvach does not give the absolute working
times in metal construction, so that no direct comparison
is “osolbie in this respect. . An approximate idea can be
obtained, however, from the nrices of similar alrplanes
b1ilt. on about the same scale., -This appllies, for example,
to the Junkers K 156 and the Focke-Wulf A 16, the sale
pilces of which dear approx1mately tne ratio of 2 ¢ 1.

) 3. As rogards Welgnt wood constructlon st111 has the
advantage, naturally with the fulfillment of the same
strength reguiroments. Hers also we can compare Junkers
K 15 a2nd Focke-Wulf A 16, Tith the same engine (75 hp
Siemens) the K 16 carries oaily one pilot and two passen~
gers and has a correspondingly smaller wing area than the
A 16, which carries one pllect and three passengers at a
sone vnet hlgher speed, UNevertheless, the ratio of the
dead load to the psy load 1s about the same for both air-
planes. -

4, One of the fundameﬂtal faults whlch can be imput-
ed to the light metals of to-day, is their fatigability
under varying stresses, though the danger from this phe-
nomenon has always been contested, especially in Germany,
but without any counter-evidence, American and Dutech ex~
periments show taat, under sone circumstances, the figures
obtained for varying stresses (vibration strength) are on-—
1y 40% of those for static loeding, Though Dr, Rohrbach

says that fatigue phenomena vere observed only above the
proportionality limit, there always remains the considero-
tion that no absolute definition of the prooortlonallty
1imit can be nade for. any material. It has veen found
thet accurate measurements enable the recognition of very
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small permanent deformations even with very small loads
"and more or less for every material. In testing materi-
als it has therefore been found necessary to establish,
for such permanent elongations, arbitrary minimum limits,
such as the measure of the elasticity and proportionality
llnlts, i8¢, in other words, any determinagtion of the
proportionality limit, independently of arbitrary assunp-
tions 1s practically impossible. Even from these rela-
tions, it is obdvious that the prodblem of fatigue cannot
be regarded as definitely solved, Experience shows that,
in airplane parts which are exposed to vibrations, unex-
pected breaks, some of them dangerous, repeatedly occur,
as they never occur in the same way with wood,

_ The physical properties of metals and wood differ fun-
danentally. All metals have a crystalline structure, i.s.,
the material is not homogeneous and its strength character-
istics cannot possibly be uniform as regards the component
particles, On the contrary, cellulose, the chief con-
stituent of wood, is an amorphous substance., It does not
" have, like metals, separating surfaces between adjacent
crystals whose cohesion, always weaker than that of the
rost of the material, can be still further weakened by
mechanical action, 1In other words, the metal, being of a
crystalline Suructure, is egradually weakened by the en-
gine vibrations, while the wood, being anmorphous, is not
thus affected,

Be As regards the corrosion of light metals in conm-
parison with the weathering of wood, very few exact and
comprehensive data are yet available., An unprejudiced
judge, however, receives the impression that the corro-
sion of thie light metals is as important as the weathering
of wood, at least in our climate, and requires correspond-
ing precautionary messures, Like wood, no metal structure
can last long without a Food protective covering of paint
or varnish,

, The defect most commonly imputed to wood, namely,
its liability to warp, geunerally plays a very subordinate
role in accurate investigation, Previously it had always
been said, for example, that ordinary wood-and-wire fuse-
lages very easily become distorted., Hore accurate inves-
tigation nearly always shows, however, that no changes

’hhve occurred in the length of the wood, dbut that the
trouble is almost always caused by the slackenlng of the

_brace wires due to povr terminal fastenings. Aside fron
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warping, the only other consideration in connection with
wood is the actual chemical changes or, in other words,
the verious kinds of foulness, Probably every one will
adnit, however, that even under the nost unfavorable con-
ditions (outside tho tropics) any real foulness can be
prevented for decades by suitabdle protective measures.
For comparison it is not fair to use the still existing
woofen airplanes from the time of the war, whose protect-
ing coats were almost always very inadequate, due to the
hasty war-time productions

6, TWood, of course, always has one other defect,
nemely, the lack of uniform strength. This results irn a
greater weight than wourld otherwise be necessary, Tails
defect does not signify, however, vecause any welght com-
parison still favors wood.

7. TFireproofness is @1WaY8 claimed as an advantage
of metal. Exnerience nhas shown, however, that the Tire
hezards of an alrplane arc not determined by the building
meterial but by the engine fuel. So long as such inflam-
mable fuels must be used, the danger, in case of fire,
will consist in the large smount of fuel on board., The
simmltansous vurning of a few wooden parts does not appre-
ciably affect the catastrophe.

8, If the problems of fatigue, corrosion and cost
wers 2ll satisfrctorily solved, I would immediately advo-
cate metal construction, Turthernors, it cannot be denied
that the preference for metal construction does not rest
alone on technicel grounds, The engineer has a certain
ingtinctive fear of worXking with unfamiliar materials,
Froa the laity, which in tils case is the flying pudlic,
ve often hear such expressions as "ietal does not go/éﬁash."

It may also be added that, with a metal covering, the
always necossary external gtiffeners (€eZ., corrugations)
have, according to the latest experiments, a very unfav-
oranle aerodynnnic effect, in that they increasse the drag
by retaining the boundary layer. of alr, Such stiffeners
are practically indispensable, howevor, with the necessary
trinness of the metal covering. To shift them to the in-
cide would involve great difficulties of a constructive
nature.

I have tricd to ex»lain driefly why wood alrplancs
arc at least not ret entirely obsolete and still compare
favorably with metal ones for nany uses.,
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In conclusion, I would express my conviction that I
would‘adrdly have been able to sell a single commercial
airplane, had I been obliged to ask the price of a metal
"alrylane.

- Dr,_Rohrbach.-~ I thank the gentlemen for their inter-
esting remarks which have given us all an abundance of
Tsug aestlons.

As regards Mr., Spiegal's remarks, I always consent
gladly to a rather extensive exchange of exrerience, In
practice, however, this exchange generally fails, due to
the fact that the different firms hold different views re-
garding the kegping secret of certain details and thus co-~
operation isg lucking.

Especially as regards the tubular junction of the
transocean plane, I must say that the slketch scems rather
to support my contention (namely, that fundamentally only
open profiles should be used, because everything would
otherwise be too complicated) than that of lir, Spiegal.
4s regards the objections of Mr., Spiegal to the supporting
covering, I can only say that, with the large airplanes.
we are now building, i.e., up to several thousand horse-
power, we have experienced no difficulty from the thin-
ness of the sheet netal,

Time 1is too short for me to discuss in detail the
contributions of the different s eabers. I particularly
welcome the demand of Director Huttner for the extensive
subdivision of airplanes into independent structural
groups, which I also consider of especial importance for
the further development of airplanc construction,

I thank lr, Heubert for his supplementary remarks on
the strength and elasticity of steel and duralunin, If
the attenpts to make rivets of the strength of the alloyed
steel were successful, steel construction would become more
fregquent than hitherto, especially on large airplanes,

Steel itself corrcdes lessthan duralumin but, since
it is almost always used with duralumin parts, it causes,
especlally with strong nickel or chromiuam content, very
greoat corrosion of the duralumin at their points of con-
tact. I can only agree with Ir., Feubert's general con~
clusion that the construction material must be chosen for
eaci individual case. Te differ only in one point, in
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that I am of the opinion that duralumin is better in a
serics of cases where lr. Heubert thinks steel should be
preferred,

Tt would talze too much time to discuss all these de-—
tails, which, after all, can Do satisfactorily settled
only by the experiencc of the next few years.

Tasnsleaetion by Dwight 1, iilner,

Fational Advisory Committee
for Aeronauntics,
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